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57 ABSTRACT

A method for producing a thick film photoresist pattern
including laminating a thick photoresist layer including a
chemically amplified positive-type photoresist composition
for thick film on a support; irradiating the thick photoresist
layer; and developing the thick photoresist layer to obtain a
thick film resist pattern; in which the composition includes an
acid generator, a resin whose alkali solubility increases by the
action of an acid, and an organic solvent having a boiling
point of at least 150° C. and a contact angle on a silicon
substrate of no greater than 18°, in an amount of at least 40%
by mass with respect to total mass of the organic solvent.
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1
METHOD FOR PRODUCING THICK FILM
PHOTORESIST PATTERN

This application claims priority under 35 U.S.C. §119(a)-
(d) to Japanese Patent Application No. 2011-276382, filed on
Dec. 16, 2011, the entire content of which is incorporated
herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method for producing a
thick film photoresist pattern.

2. Related Art

Photofabrication is now the mainstream of a microfabrica-
tion technique. Photofabrication is a generic term describing
the technology used for manufacturing a wide variety of
precision components such as semiconductor packages. The
manufacturing is carried out by applying a photoresist com-
position to the surface of a processing target to form a pho-
toresist layer, patterning this photoresist layer using photo-
lithographic techniques, and then conducting chemical
etching, electrolytic etching, and/or electroforming based
mainly on electroplating, using the patterned photoresist
layer (photoresist pattern) as a mask.

In recent years, high density packaging technologies have
progressed in semiconductor packages along with downsiz-
ing electronics devices, and the increase in package density
has been developed on the basis of mounting multi-pin thin
film in packages, miniaturizing of package size, two-dimen-
sional packaging technologies in flip-tip systems or three-
dimensional packaging technologies. In these types of high
density packaging techniques, connection terminals, includ-
ing protruding electrodes (mounting terminals) known as
bumps that protrude above the package or metal posts that
connect rewirings extending from peripheral terminals on the
wafer with the mounting terminals, are disposed on the sur-
face of the substrate with high precision.

In the photofabrication as described above, a photoresist
composition is used, and chemically amplified photoresist
compositions containing an acid generator have been known
as such a photoresist composition, (see Patent Documents 1,
2 and the like). According to the chemically amplified pho-
toresist composition, an acid is generated from the acid gen-
erator upon irradiation with radiation (exposure) and diffu-
sion of the acid is promoted through heat treatment, to cause
an acid catalytic reaction with a base resin and the like in the
composition resulting in a change to the alkali-solubility of
the same.

Also, the photoresist compositions used in the photofabri-
cation described above are typically chemically amplified
positive-type photoresist compositions for a thick film (see
Patent Document 3 and the like). The chemically amplified
positive-type photoresist compositions for a thick film are
employed for forming bumps or metal posts in plating pro-
cesses, for example. For example, a thick photoresist layer of
about 20 um is formed on a support, and the photoresist layer
is exposed through a predetermined mask pattern and then
developed to produce a resist pattern in which portions for
forming bumps or metal posts are selectively removed
(stripped). Then, bumps or metal posts can be formed by
embedding a conductor such as copper into the removed
portions (resist-free portions) using plating, and then remov-
ing the surrounding residual photoresist pattern.

Patent Document 1: Japanese Unexamined Patent Appli-
cation, Publication No. H9-176112
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Patent Document 2: Japanese Unexamined Patent Appli-
cation, Publication No. H11-52562

Patent Document 3: Japanese Unexamined Patent Appli-
cation, Publication No. 2010-185986

SUMMARY OF THE INVENTION

However, the chemically amplified positive-type photore-
sist composition for thick film as disclosed in Patent Docu-
ment 3 has been found to have a problem that when the
photoresist composition is used to produce a thick film pho-
toresist pattern having a film thickness of no less than 30 um,
the photoresist composition is prone to bubble entrainment
(generation of bubbles over a surface of the photoresist layer)
during its application or prebaking after the application.
Thus, a method for producing a thick film photoresist pattern
which enables the suppression of the bubble entrainment over
a wide range of film thickness has been sought.

The present invention was made in view of the foregoing
problems, and an object of the invention is to provide a
method for producing a thick film photoresist pattern while
suppressing the bubble entrainment.

The present inventors elaborately pursued research in order
to achieve the object described above. Consequently, it was
found that the above described problem can be solved by
producing a thick film photoresist pattern using a chemically
amplified positive-type photoresist composition for thick film
containing no less than a specific amount of a specific organic
solvent, to accomplish the present invention. Specifically, the
present invention provides the following.

The present invention provides a method for producing a
thick film photoresist pattern, including: laminating on a sup-
port, a thick photoresist layer constituted with a chemically
amplified positive-type photoresist composition for thick
film; exposing by irradiating the thick photoresist layer with
an active ray or radiation; and developing the thick photore-
sist layer following the exposure to obtain a thick film resist
pattern; in which the chemically amplified positive-type pho-
toresist composition for thick film includes an acid generator
(A) capable of producing an acid upon irradiation with the
active ray or radiation, a resin (B) whose alkali solubility
increases by the action of an acid, and an organic solvent (S),
and the organic solvent (S) contains an organic solvent having
a boiling point of no less than 150° C. at ordinary pressure and
acontact angle on a silicon substrate of no greater than 18°, in
an amount of no less than 40% by mass with respect to total
mass of the organic solvent.

According to the present invention, the bubble entrainment
during the production of the thick film photoresist pattern can
be suppressed.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The method for producing a thick film photoresist pattern
according to the present invention includes: laminating on a
support, a thick photoresist layer containing a specific chemi-
cally amplified positive-type photoresist composition for
thick film; exposing by irradiating the thick photoresist layer
with an active ray or radiation; and developing the thick
photoresist layer following the exposure to obtain a thick film
resist pattern. Hereinafter, the chemically amplified positive-
type photoresist composition for thick film used in the present
invention (used herein) and each step of the method for pro-
ducing a thick film photoresist pattern according to the
present invention will be described.
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(Chemically Amplified Positive-Type Photoresist Composi-
tion for Thick Film)

The chemically amplified positive-type photoresist com-
position for a thick film used herein (hereinafter, may be
merely referred to as “photoresist composition™) contains at
least (A) an acid generator capable of producing an acid upon
irradiation with an active ray or radiation, (B) a resin whose
alkali solubility increases by the action of an acid, and an
organic solvent (S). This photoresist composition is suitably
used in manufacture of electronic parts such as circuit sub-
strates and CSPs (chip size packages) packaged in circuit
substrates, for producing connection terminals such as bumps
and metal posts, or wiring patterns. Each component con-
tained in the photoresist composition used herein is described
in detail below.

Acid Generator (A)

The acid generator (A) is a compound which is capable of
producing an acid upon irradiation with the active ray or
radiation, and is not particularly limited as long as it produces
the acid directly or indirectly by the action of light.

Primary examples of the acid generator (A) include com-
pounds represented by the following general formula (al).

RlagXla+ XZa_)l(lzﬁ Rle (h+l)X3a_
Rla,
n

In the above general formula (al), X' represents a sulfur
atom or an iodine atom having a valency of g; and gis 1 or 2.
h represents the number of repeating units represented by the
structure in the parentheses. R'“ represents an organic group
attached to X'¢, and represents an aryl group having 6 to 30
carbon atoms, a heterocyclic group having 4 to 30 carbon
atoms, an alkyl group having 1 to 30 carbon atoms, an alkenyl
group having 2 to 30 carbon atoms, or an alkynyl group
having 2 to 30 carbon atoms; and R'“ may be substituted with
at least one selected from the group consisting of an alkyl
group, a hydroxy group, an alkoxy group, an alkylcarbonyl
group, an arylcarbonyl group, an alkoxycarbonyl group, an
aryloxycarbonyl group, an arylthiocarbonyl group, an acy-
loxy group, an arylthio group, an alkylthio group, an aryl
group, a heterocyclic group, an aryloxy group, an alkylsulfi-
nyl group, an arylsulfinyl group, an alkylsulfonyl group, aryl-
sulfonyl, an alkyleneoxy group, an amino group, a cyano
group, a nitro group, and a halogen atom. The number of R*¢
is g+h(g-1)+1, and each R'* may be identical or different
from each other. Also, at least two R'“ may bond to each other
directly or via —O—, —S—, —SO—, —SO,—, —NH—,
—NR?**— —CO—, —COO—, —CONH—, an alkylene
group having 1 to 3 carbon atoms, or phenylene groups, to
form a ring structure containing X*“. R*“ represents an alkyl
group having 1 to 5 carbon atoms or an aryl group having 6 to
10 carbon atoms.

X>3* represents a structure represented by the following
general formula (a2).

(al)

(a2)
R X4a_[_ X3a—x4a _]T

In the above general formula (a2), X** represents an alky-
lene group having 1 to 8 carbon atoms, an arylene group
having 6 to 20 carbon atoms, or a divalent group derived from
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a heterocyclic compound having 8 to 20 carbon atoms; X**
may be substituted with at least one selected from the group
consisting of an alkyl group having 1 to 8 carbon atoms, an
alkoxy group having 1 to 8 carbon atoms, an aryl group
having 6 to 10 carbon atoms, a hydroxy group, a cyano group,
a nitro group, and a halogen atom. X>* represents —O—,
—S—, —SO—, —SO0,—, —NH—, —NR**—, —CO—,
—COO—, —CONH—, an alkylene group having 1 to 3
carbon atoms, or a phenylene group. h represents the number
of repeating units of the structure in the parentheses. h+1
X*”s and h X°*’s may be each identical or different from
each other. R** is as defined above.

X3%" represents a counterion of the onium, and specific
examples thereof include a fluorinated alkyl fluorophosphate
anion represented by the following general formula (al7) ora
borate anion represented by the following general formula
(alB).

[(R*)PFe,]” (al7)

In the above general formula (al7), R** represents an alkyl
group of which no less than 80% of the hydrogen atoms are
substituted with a fluorine atom. j represents the number of
R??, and represents an integer of 1 to 5. j R**’s may be
identical or different from each other.

(al8)
R4a

RSa_B_ R7a
I

Rﬁa

In the above general formula (al8), R** to R7“ each inde-
pendently represent a fluorine atom or a phenyl group, and a
part or all hydrogen atoms of the phenyl group may be sub-
stituted with at least one selected from the group consisting of
a fluorine atom and a trifluoromethyl group.

The onium ion in the compound represented by the above
general formula (al) is exemplified by triphenylsulfonium,
tri-p-tolylsulfonium,  4-(phenylthio)phenyldiphenylsulfo-
nium, bis[4-(diphenylsulfonio)phenyl]sulfide, bis[4-{bis[4-
(2-hydroxyethoxy)phenyl]sulfonio }phenyl]sulfide, bis{4-
[bis(4-fluorophenyl)sulfonio]phenyl}sulfide, 4-(4-benzoyl-
2-chlorophenylthio)phenylbis(4-fluorophenyl)sulfonium,
7-isopropyl-9-0x0-10-thia-9,10-dihydroanthracen-2-yldi-p-
tolylsulfonium, 7-isopropyl-9-0x0-10-thia-9,10-dihydroan-
thracen-2-yldiphenylsulfonium, 2-[(diphenyl)sulfonio]
thioxanthone, 4-[4-(4-tert-butylbenzoyl)phenylthio]
phenyldi-p-tolylsulfonium, 4-(4-benzoyl  phenylthio)
phenyldiphenylsulfonium, diphenylphenacylsulfonium,
4-hydroxyphenyl methylbenzylsulfonium, 2-naphthylm-
ethyl(1-ethoxycarbonyl)ethylsulfonium, 4-hydroxyphenyl-
methylphenacylsulfonium, phenyl[4-(4-biphenylthio)phe-
nyl]4-biphenylsulfonium, phenyl[4-(4-biphenylthio)phenyl]
3-biphenylsulfonium, [4-(4-acetophenylthio)phenyl|
diphenylsulfonium,  octadecylmethylphenacylsulfonium,
diphenyliodonium, di-p-tolyliodonium, bis(4-dodecylphe-
nyl)iodonium, bis(4-methoxyphenyl)iodonium, (4-octyloxy
phenyl)phenyliodonium, bis(4-decyloxy)phenyliodonium,
4-(2-hydroxy tetradecyloxy)phenylphenyliodonium, 4-iso-
propylphenyl(p-tolyl)iodonium, or 4-isobutylphenyl(p-tolyl)
iodonium, and the like.

Of the examples of the onium ion in the compound repre-
sented by the above general formula (al), preferable onium
ions include sulfonium ions represented by the following
general formula (al9).
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N

(al9)

S_xZa S +

/

R8a /\

R&z

In the above general formula (al9), R®*® represents each
independently a group selected from the group consisting of
hydrogen atom, alkyl, hydroxy, alkoxy, alkylcarbonyl, alky-
Icarbonyloxy, alkyloxycarbonyl, halogen atom, aryl which
may have a substituent, arylcarbonyl. X>“ represents the same
meaning as X>“ in the above general formula (al).

Specific examples of the sulfonium ion represented by the
above general formula (al9) include 4-(phenylthio)phenyl-
diphenylsulfonium, 4-(4-benzoyl-2-chlorophenylthio)phe-
nylbis(4-fluorophenyl)sulfonium, 4-(4-benzoylphenylthio)
phenyldiphenylsulfonium, phenyl[4-(4-biphenylthio)
phenyl]4-biphenylsulfonium, phenyl[4-(4-biphenylthio)
phenyl]3-biphenylsulfonium, and [4-(4-acetophenylthio)
phenyl]diphenylsulfonium.

In the fluorinated alkyl fluorophosphate anion represented
by the above general formula (al7), R'“ represents an alkyl
group substituted with a fluorine atom, the preferable carbon
number thereof'is 1 to 8, and more preferable carbon number
is 1 to 4. Specific examples of the alkyl group include a linear
alkyl group such as methyl, ethyl, propyl, butyl, pentyl, octyl;
a branched alkyl group such as isopropyl, isobutyl, sec-butyl,
tert-butyl; as well as a cycloalkyl group such as cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl; the rate of substitution
of the hydrogen atoms of the alkyl group with the fluorine
atom is typically no less than 80%, preferably no less than
90%, and more preferably 100%. If the rate of substitution
with the fluorine atom is less than 80%, the acid strength of
the onium fluorinated alkyl fluorophosphate represented by
the above general formula (al) may be reduced.

Particularly preferable R> is a linear or branched perfluo-
roalkyl group having 1 to 4 carbon atoms and the rate of
substitution with the fluorine atom of 100%, and specific
examples thereof include CF;, CF;CF,, (CF;),CF,
CF,CF,CF,, CF,CF,CF,CF,, (CF;),CFCF,, CF,CF,(CF,)
CF, and (CF,);C. The number of R4, j, is an integer of 1 to 5,
preferably 2 to 4, and particularly preferably 2 or 3.

Specific examples of preferable fluorinated alkyl fluoro-
phosphate anions include [(CF;CF,),PF,]7, [(CF;CF,),
PF,.  [(CF).CELPEI  [((CF5),CF).PF,T,
[(CF,CE,CE),PE",  [(CFsCF,CE,),PE,I",  [((CEy),
CECF,),PE,]7, [((CF5),CFCEF,),PE, |7, [(CF;CF,CF,CF,),
PF,]™, or [(CF;CF,CF,);PF;]7, and of these, [(CF;CF,),
P17, [(CF;CF,CF,) PELT7, [((CF3),CF)sPF;]7, [((CFs),
CE),PEI". [((CF3),CFCE,),PE;]7, or [((CF;),CFCEF,),
PF,]™ are particularly preferred.

Specific examples of preferable borate anions represented
by the above general formula (al8) include tetrakis(pen-
tafluorophenyl)borate ([B(C.F5),]7), tetrakis[(trifluorom-
ethyl)phenyl]borate ([B(C,H,CF;),]7), difluorobis(pen-
tafluorophenyl)borate ([(C4F5),BE,]7), trifluoro
(pentafluorophenyl)borate ([(CcF5)BF5]), tetrakis
(difluorophenyl)borate ([B(C;H5F,),]7), and the like. Of
these, tetrakis(pentafluorophenyl)borate ([B(CgFs5),]7) is
particularly preferred.
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Secondary examples of the acid generator (A) include
halogen-containing triazine compounds such as 2.4-bis
(trichloromethyl)-6-piperonyl-1,3,5-triazine, 2,4-bis(trichlo-
romethyl)-6-[2-(2-furyl)ethenyl]-s-triazine, 2.,4-bis(trichlo-
romethyl)-6-[2-(5-methyl-2-furyl)ethenyl]-s-triazine, 2.4-
bis(trichloromethyl)-6-[2-(5-ethyl-2-furyl)ethenyl]-s-
triazine,  2,4-bis(trichloromethyl)-6-[2-(5-propyl-2-furyl)
ethenyl]-s-triazine, 2,4-bis(trichloromethyl)-6-[2-(3,5-
dimethoxyphenyl)ethenyl]-s-triazine, 2,4-bis
(trichloromethyl)-6-[2-(3,5-diethoxyphenyl)ethenyl]-s-
triazine, 2,4-bis(trichloromethyl)-6-[2-(3,5-
dipropoxyphenyl)ethenyl]-s-triazine, 2,4-bis
(trichloromethyl)-6-[2-(3-methoxy-5-ethoxyphenyl)
ethenyl]-s-triazine, 2,4-bis(trichloromethyl)-6-[2-(3-
methoxy-5-propoxyphenyl)ethenyl]-s-triazine, 2,4-bis
(trichloromethyl)-6-[2-(3,4-methylenedioxyphenyl)
ethenyl]-s-triazine, 2,4-bis(trichloromethyl)-6-(3,4-
methylenedioxyphenyl)-s-triazine, 2,4-bis-trichloromethyl-
6-(3-bromo-4-methoxy)phenyl-s-triazine, 2,4-bis-
trichloromethyl-6-(2-bromo-4-methoxy )phenyl-s-triazine,
2,4-bis-trichloromethyl-6-(2-bromo-4-methoxy)styrylphe-
nyl-s-triazine, 2.4-bis-trichloromethyl-6-(3-bromo-4-meth-
oxy)styrylphenyl-s-triazine,  2-(4-methoxyphenyl)-4,6-bis
(trichloromethyl)-1,3,5-triazine, 2-(4-methoxynaphthyl)-4,
6-bis(trichloromethyl)-1,3,5-triazine, 2-[2-(2-furyl)ethenyl]-
4,6-bis(trichloromethyl)-1,3,5-triazine,  2-[2-(5-methyl-2-
furyl)ethenyl]-4,6-bis(trichloromethyl)-1,3,5-triazine, 2-[2-
(3,5-dimethoxyphenyl)ethenyl]-4,6-bis(trichloromethyl)-1,
3,5-triazine,  2-[2-(3,4-dimethoxyphenyl)ethenyl]-4,6-bis
(trichloromethyl)-1,3,5-triazine, 2-(3,4-
methylenedioxyphenyl)-4,6-bis(trichloromethyl)-1,3,5-
triazine, tris(1,3-dibromopropyl)-1,3,5-triazine and tris(2,3-
dibromopropyl)-1,3,5-triazine, and halogen-containing
triazine compounds represented by the following general for-
mula (a3) such as tris(2,3-dibromopropyl)isocyanurate.

(@3)
R9a

OYN\(O
N N
Rloa/ \”/ S Rlle
(@]

In the above general formula (a3), R%, R*°“ and R'*“ each
independently represent a halogenated alkyl group.

Further, tertiary examples of the acid generator (A) include
a-(p-toluenesulfonyloxyimino)-phenylacetonitrile, c.-(ben-
zenesulfonyloxyimino)-2,4-dichlorophenylacetonitrile,
a-(benzenesulfonyloxyimino)-2,6-dichlorophenylacetoni-
trile, a~(2-chlorobenzenesulfonyloxyimino)-4-methoxyphe-
nylacetonitrile and ca-(ethylsulfonyloxyimino)-1-cyclopen-
tenylacetonitrile, and compounds represented by the
following general formula (a4) having an oximesulfonate

group.

Rl2a T=N_o_SOZRl3a
CN
n

In the above general formula (a4), R'>“ represents a
monovalent, bivalent or trivalent organic group; R**“ repre-

(a4)
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sents a substituted or unsubstituted saturated hydrocarbon
group, an unsaturated hydrocarbon group, or an aromatic
compound group; and n represents the number of repeating
units of the structure in the parentheses.

In the above general formula (a4), the aromatic compound
group indicates a group of compounds having physical and
chemical properties characteristic of aromatic compounds,
and examples thereof include aryl groups such as a phenyl
group and a naphthyl group, and heteroaryl groups such as a
furyl group and a thienyl group may be exemplified. These
may have one or more appropriate substituents such as halo-
gen atoms, alkyl groups, alkoxy groups and nitro groups on
the rings. It is particularly preferable that R'*“ is an alkyl
group having 1 to 6 carbon atoms such as a methyl group, an
ethyl group, a propyl group, and a butyl group. In particular,
compounds in which R'?“ represents an aromatic compound
group, and R'*“ represents an alkyl group having 1 to 4 carbon
atoms are preferred.

Examples of the acid generator represented by the above
general formula (a4), include compounds in which R*>*is any
one of a phenyl group, a methylphenyl group and a methox-
yphenyl group, and R'*“ is a methyl group, provided that n is
1, and specific examples thereof include a-(methylsulfony-
loxyimino)-1-phenylacetonitrile, a-(methylsulfonyloxy-
imino)-1-(p-methylphenyl)acetonitrile, —c.-(methylsulfony-
loxyimino)-1-(p-methoxyphenyl)acetonitrile, [2-
(propylsulfonyloxyimino)-2,3-dihydroxythiophen-3-
ylidene](o-tolyl)acetonitrile and the like. Provided that nis 2,
the acid generator represented by the above general formula
(a4) is specifically an acid generator represented by the fol-
lowing formulae.

H;C—80,—0—N=C C=N—0—=80,—CHj;

.

O
O
z,

C,H5—80,—0—N=C C=N—0—80,—C,Hs

O
O
z,

C4Hy—S80,—O0—N=C C=N—0—80,—C,H,

O
O
z,

F;C—80,—0—N=C C=N—0—=80,—CF;

e

@]
z,
@]
z,

H;C—80,—0—N=C C=N—0—-580,—CH;

4

CN

C,H5—80,—O0—N=C C=N—0—380,—C,H;s

CN

C4H,—80,—O0—N=C C=N—0—380,—C,H,

ol

@]

F3C—80,—0—N=C C=N—0—80,—CF;

C CN

4

In addition, quaternary examples of the acid generator (A)
include onium salts that have a naphthalene ring at their
cation moiety. The expression “have a naphthalene ring” indi-
cates having a structure derived from naphthalene and also
indicates at least two ring structures and their aromatic prop-
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erties are maintained. The naphthalene ring may have a sub-
stituent such as a linear or branched alkyl group having 1 to 6
carbon atoms, a hydroxyl group, a linear or branched alkoxy
group having 1 to 6 carbon atoms or the like. The structure
derived from the naphthalene ring, which may be of a
monovalent group (one free valance) or of a bivalent group
(two free valences) or of a higher multivalent group, is desir-
ably of a monovalent group (in this regard, the number of free
valance is counted except for the portions connecting with the
substituents described above). The number of naphthalene
rings is preferably 1 to 3.

Preferably, the cation moiety of the onium salt having a
naphthalene ring at the cation moiety is of the structure rep-
resented by the following general formula (a5).

(@5)
Rl4a

RlSa—g+

Rléa

In the above general formula (a5), at least one of R'#*, R3¢
and R'%® represents a group represented by the following
general formula (a6), and the remaining represents a linear or
branched alkyl group having 1 to 6 carbon atoms, a phenyl
group which may have a substituent, a hydroxyl group, or a
linear or branched alkoxy group having 1 to 6 carbon atoms.
Alternatively, one of R**“, R*>* and R'®* is a group repre-
sented by the following general formula (a6), and the remain-
ing two are each independently a linear or branched alkylene
group having 1 to 6 carbon atoms, and these terminals may
bond to form a ring structure.

. (ab)
R7D; (RI8a),
XN /]
NN
R19a

In the above general formula (a6), R'7 and R'®* each
independently represent a hydroxyl group, a linear or
branched alkoxy group having 1 to 6 carbon atoms, or a linear
or branched alkyl group having 1 to 6 carbon atoms; and R**¢
represents a single bond or a linear or branched alkylene
group having 1 to 6 carbon atoms that may have a substituent.
1 and m each independently represent an integer of O to 2, and
I+m is no greater than 3. In this regard, when there exists a
plurality of R'7%, they may be identical or different from each
other. Furthermore, when there exist a plurality of R'®?, they
may be identical or different from each other.

Preferably, among R'**, R*>* and R'®“ as above, the num-
ber of groups represented by the above general formula (a6) is
one in view of the stability of the compound, and the remain-
ing are linear or branched alkylene groups having 1 to 6
carbon atoms of which the terminals may bond to form aring.
In this case, the two alkylene groups described above form a
3 to 9 membered ring including the sulfur atom. Preferably,
the number of atoms to form the ring (including the sulfur
atom) is 5 or 6.

The substituent, which the alkylene group may have, is
exemplified by an oxygen atom (in this case, a carbonyl group
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is formed together with a carbon atom that constitutes the
alkylene group), a hydroxyl group or the like.

Alternatively, the substituent, which the phenyl group may
have, is exemplified by a hydroxyl group, a linear or branched
alkoxy groups having 1 to 6 carbon atoms, linear or branched
alkyl groups having 1 to 6 carbon atoms, or the like.

Examples of suitable cation moiety include those repre-
sented by the following formulae (a7) and (a8), and the struc-
ture represented by the following formula (a8) is particularly

preferable.

(a7)

(€]

S+
(a8)
HO
AN
H,C CH;

The cation moieties, which may be of an iodonium salt or
a sulfonium salt, are desirably of a sulfonium salt in view of
acid-producing efficiency.

Itis, therefore, desirable that the preferable anion moiety of
the onium salt having a naphthalene ring at the cation moiety
is an anion capable of forming a sulfonium salt.

The anion moiety of the acid generator is exemplified by
fluoroalkylsulfonate ions, of which hydrogen atom(s) being
partially or entirely fluorinated, or arylsulfonate ions.

The alkyl group of the fluoroalkylsulfonate ions may be
linear, branched or cyclic and have 1 to 20 carbon atoms.
Preferably, the carbon number is 1 to 10 in view of bulkiness
and diffusion length of the produced acid. In particular,
branched or cyclic groups are preferable due to shorter diffu-
sion length. Also, methyl, ethyl, propyl, butyl, octyl groups
and the like are preferable due to being inexpensively synthe-
sizable.

The aryl group of the arylsulfonate ions may be an aryl
group having 6 to 20 carbon atoms, and is exemplified by a
phenol group or a naphthyl group that may be unsubstituted or
substituted with an alkyl group or a halogen atom. In particu-
lar, aryl groups having 6 to 10 carbon atoms are preferred
since they can be synthesized inexpensively. Specific
examples of preferable aryl group include phenyl, toluene-
sulfonyl, ethylphenyl, naphthyl, methylnaphthyl groups and
the like.

When hydrogen atoms in the fluoroalkylsulfonate ion or
the aryl sulfonate ion are partially or entirely substituted with
a fluorine atom, the fluorination rate is preferably 10% to
100%, and more preferably 50% to 100%; it is particularly
preferable that all hydrogen atoms are each substituted with a
fluorine atom in view of higher acid strength. Specific
examples thereof include trifluoromethanesulfonate, perfluo-
robutanesulfonate, perfluorooctanesulfonate, perfluoroben-
zenesulfonate, and the like.

Among others, the preferable anion moiety is exemplified
by those represented by the following general formula (a9).

R2%980;5~ (a9)
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In the above general formula (a9), R*°“ represents a group
represented by the following general formula (a10) or (all),
or a group represented by the following formula (al2).

(al0)
—CFar
11
(Rzlll) (5- )
y
X
X
[
P

(al2)

In the above general formula (al0), x represents an integer
of 1 to 4. Also, in the above general formula (all), R**¢
represents a hydrogen atom, a hydroxyl group, a linear or
branched alkyl group having 1 to 6 carbon atoms, or a linear
or branched alkoxy group having 1 to 6 carbon atoms; and y
represents an integer of 1 to 3. Of these, trifluoromethane-
sulfonate, and perfluorobutanesulfonate are preferable in
view of safety.

In addition, a nitrogen-containing moiety represented by
the following general formula (al3) or (al4) may be also be
used for the anion moiety.

(al3)

(ald)

S0,—7°

In the above general formulae (al3) and (al4), X“ repre-
sents a linear or branched alkylene group of which at least one
hydrogen atom is substituted with a fluorine atom, the carbon
number of the alkylene group is 2 to 6, preferably 3 to 5, and
most preferably the carbon number is 3. In addition, Y and Z*
each independently represent a linear or branched alkyl group
of which at least one hydrogen atom is substituted with a
fluorine atom, the carbon number of the alkyl group is 1 to 10,
preferably 1 to 7, and more preferably 1 to 3.

The smaller number of carbon atoms in the alkylene group
of X4, or in the alkyl group of Y* or Z¢ is preferred since the
solubility into organic solvent is favorable.

In addition, a larger number of hydrogen atoms each sub-
stituted by a fluorine atom in the alkylene group of X“ or in
the alkyl group of Y or Z* is preferred since the acid strength
becomes greater. The percentage of fluorine atoms in the
alkylene group or alkyl group, i.e., the fluorination rate is
preferably 70 to 100% and more preferably 90 to 100%, and
most preferable are perfluoroalkylene or perfluoroalkyl
groups in which all of the hydrogen atoms are each substi-
tuted with a fluorine atom.

Preferable onium salts having a naphthalene ring at their
cation moieties are exemplified by compounds represented
by the following formulae (al5) and (al6).
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(al5)
HO
St CF5S0;
-
H;C CH;
(al6)
HO N
L S0,—C;F;
me” ew,

Also, quinary examples of the acid generator (A) include
bissulfonyldiazomethanes such as bis(p-toluenesulfonyl)dia-
zomethane,  bis(1,1-dimethylethylsulfonyl)diazomethane,
bis(cyclohexylsulfonyl)diazomethane and bis(2,4-dimeth-
ylphenylsulfonyl)diazomethane; nitrobenzyl derivatives
such as 2-nitrobenzyl p-toluenesulfonate, 2,6-dinitrobenzyl
p-toluenesulfonate, nitrobenzyl tosylate, dinitrobenzyl tosy-
late, nitrobenzyl sulfonate, nitrobenzyl carbonate and dini-
trobenzyl carbonate; sulfonates such as pyrogalloltrimesy-
late, pyrogalloltritosylate, benzyltosylate, benzylsulfonate,
N-methylsulfonyloxysuccinimide, N-trichloromethylsulfo-
nyloxysuccinimide, N-phenylsulfonyloxymaleimide and
N-methylsulfonyloxyphthalimide; ester of trifluoromethane-
sulfonic acid and N-hydroxyphthalimide or N-hydroxynaph-
thalimide; onium salts such as diphenyliodonium hexafluo-
rophosphate, (4-methoxyphenyl)phenyliodonium
trifluoromethanesulfonate, bis(p-tert-butylphenyl)iodonium
trifluoromethanesulfonate, triphenylsulfonium hexafluoro-
phosphate, (4-methoxyphenyl)diphenylsulfonium trifluo-
romethanesulfonate and (p-tert-butylphenyl)diphenylsulfo-
nium trifftuoromethanesulfonate; benzointosylates such as
benzointosylate and a-methylbenzointosylate; other diphe-
nyliodonium salts, triphenylsulfonium salts, phenyldiazo-
nium salts, benzylcarbonates and the like.

The acid generator (A) may be used alone, or in combina-
tions of two or more thereof. Further, the content of the acid
generator (A) is preferably 0.1 to 10% by mass, and more
preferably 0.5 to 3% by mass with respect to total mass of the
photoresist composition used herein. The above-mentioned
range is able to provide sufficient sensitivity, ensures superior
solubility in organic solvents to give ahomogeneous solution,
and improves storage stability.

Resin (B)

The resin (B) whose alkali solubility increases by the
action of an acid is not particularly limited, and an arbitrary
resin whose alkali solubility increases by the action of an acid
may be used. Of these, at least one resin selected from the
group consisting of novolak resins (B1), polyhydroxystyrene
resins (B2) and acrylic resins (B3) is preferably contained.

Novolak Resin (B1)

As the novolak resin (B1), a resin including the structural
unit represented by the following general formula (b1) may
be used.
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(b1)
OR!?

7,
k\/Q/\J

RZb R3 b

In the above general formula (b1), R'? represents an acid-
dissociative dissolution-controlling group; R and R>” each
independently represent a hydrogen atom or an alkyl group
having 1 to 6 carbon atoms.

The acid-dissociative dissolution-controlling group repre-
sented by the above R'? is preferably a group represented by
the following general formula (b2) or (b3), a linear, branched
or cyclic alkyl group having 1 to 6 carbon atoms, a vinyloxy-
ethyl group, a tetrahydropyranyl group, a tetrafuranyl group,
or a trialkylsilyl group.

4b (bZ)
R
_(lj —0— Réb
RSb
(b3)

I
—CH,55-C—O0—R"

In the above general formulae (b2) and (b3), R* and R>®
each independently represent a hydrogen atom, or a linear or
branched alkyl group having 1 to 6 carbon atoms; R°? repre-
sents a linear, branched or cyclic alkyl group having 1 to 10
carbon atoms; R”? represents a linear, branched or cyclic alkyl
group having 1 to 6 carbon atoms; and o represents O or 1.

Examples of the linear or branched alkyl group include a
methyl group, an ethyl group, a propyl group, an isopropyl
group, a n-butyl group, an isobutyl group, a tert-butyl group,
apentyl group, an isopentyl group, a neopentyl group, and the
like. Also, examples of the cyclic alkyl group include a cyclo-
pentyl group, a cyclohexyl group, and the like.

Specific examples of the acid-dissociative dissolution-con-
trolling group represented by the above general formula (b2)
include a methoxyethyl group, ethoxyethyl group, n-pro-
poxyethyl group, isopropoxyethyl group, n-butoxyethyl
group, isobutoxyethyl group, tert-butoxyethyl group, cyclo-
hexyloxyethyl group, methoxypropyl group, ethoxypropyl
group, 1-methoxy-1-methyl-ethyl group, 1-ethoxy-1-meth-
ylethyl group, and the like. Furthermore, specific examples of
the acid-dissociative dissolution-controlling group repre-
sented by the above general formula (b3) include a tert-
butoxycarbonyl group, tert-butoxycarbonylmethyl group,
and the like. Examples of the trialkylsilyl group include those
in which each alkyl group has 1 to 6 carbon atoms, for
example, a trimethylsilyl group and tri-tert-butyldimethylsi-
1yl group.

Polyhydroxystyrene Resin (B2)

As the polyhydroxystyrene resin (B2), a resin including the
structural unit represented by the following general formula
(b4) may be used.
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(b4)

CH,

R8
| %
—C
3
X
OR%®

In the above general formula (b4), R® represents a hydro-
gen atom or an alkyl group having 1 to 6 carbon atoms; and
R®” represents an acid-dissociative dissolution-controlling
group.

The alkyl group having 1 to 6 carbon atoms may include,
for example, linear, branched or cyclic alkyl groups having 1
to 6 carbon atoms. Examples of the linear or branched alkyl
group include a methyl group, ethyl group, propyl group,
isopropyl group, n-butyl group, isobutyl group, tert-butyl
group, pentyl group, isopentyl group and neopentyl group;
and examples of the cyclic alkyl group include a cyclopentyl
group and cyclohexyl group.

The acid-dissociative dissolution-controlling group repre-
sented by the above R°” may be similar to the acid-dissocia-
tive dissolution-controlling groups exemplified in terms of
the above general formulae (b2) and (b3).

Furthermore, the polyhydroxystyrene resin (B2) may
include another polymerizable compound as a structural unit
in order to moderately control physical or chemical proper-
ties. The polymerizable compound is exemplified by conven-
tional radical polymerizable compounds and anion polymer-
izable compounds. Examples of the polymerizable
compound include monocarboxylic acids such as acrylic
acid, methacrylic acid and crotonic acid; dicarboxylic acids
such as maleic acid, fumaric acid and itaconic acid; meth-
acrylic acid derivatives having a carboxyl group and an ester
bond such as 2-methacryloyloxyethyl succinic acid, 2-meth-
acryloyloxyethyl maleic acid 2-methacryloyloxyethyl
phthalic acid and 2-methacryloyloxyethyl hexahydrophthalic
acid; (meth)acrylic acid alkyl esters such as methyl(meth)
acrylate, ethyl (meth)acrylate and butyl (meth)acrylate;
(meth)acrylic acid hydroxyalkyl esters such as 2-hydroxy-
ethyl (meth)acrylate and 2-hydroxypropyl (meth)acrylate;
(meth)acrylic acid aryl esters such as phenyl (meth)acrylate
and benzyl (meth)acrylate; dicarboxylic acid diesters such as
diethyl maleate and dibutyl fumarate; vinyl group-containing
aromatic compounds such as styrene, a-methylstyrene, chlo-
rostyrene, chloromethylstyrene, vinyltoluene, hydroxysty-
rene, a-methylhydroxystyrene and a-ethylhydroxystyrene;
vinyl group-containing aliphatic compounds such as vinyl
acetate; conjugated diolefins such as butadiene and isoprene;
nitrile group-containing polymerizable compounds such as
acrylonitrile and methacrylonitrile; chlorine-containing
polymerizable compounds such as vinyl chloride and
vinylidene chloride; and amide bond-containing polymeriz-
able compounds such as acrylamide and methacrylamide.

Acrylic Resin (B3)
As the acrylic resin (B3), a resin including a structural unit

represented by the following general formulae (b5) to (b7)
may be used.
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(b3)

(b6)

(67)

| q
1
(6]

Rlsb_C_RHb

0
A4~
CH,
r

Yo

In the above general formulae (b5) to (b7), R!° to R'7?
each independently represent a hydrogen atom, a linear or
branched alkyl group having 1 to 6 carbon atoms, a fluorine
atom, or a linear or branched fluorinated alkyl group having 1
to 6 carbon atoms (in which, R'? is not a hydrogen atom); X®
and the neighboring carbon atoms form a hydrocarbon ring
having 5 to 20 carbon atoms; Y? represents an alicyclic group
or alkyl group that may have a substituent; p represents an
integer of 0 to 4; and q represents 0 or 1.

Examples of the linear or branched alkyl group include a
methyl group, ethyl group, propyl group, isopropyl group,
n-butyl group, isobutyl group, tert-butyl group, pentyl group,
isopentyl group, neopentyl group, and the like. The fluori-
nated alkyl group refers to the abovementioned alkyl groups
of which the hydrogen atoms are partially or entirely substi-
tuted with fluorine atoms.

Preferably, the aforementioned R*!? is a linear or branched
alkyl group having 2 to 4 carbon atoms in view of higher
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contrast, proper resolution, and depth and width of focus, etc.; -continued
and preferably, R'*#, R'*?, R'%®, R'7® are each a hydrogen (b5-2)
atom or a methyl group. RIS

The aforementioned X? and the neighboring carbon atoms <L |
form an alicyclic group having 5 to 20 carbon atoms. Specific 5 CH,—C
examples of the alicyclic group are the groups of monocy- é=o
cloalkanes and polycycloalkanes such as bicycloalkanes, tri- |
cycloalkanes and tetracycloalkanes from which at least one O
hydrogen atom is removed. Specific examples thereof are
monocycloalkanes such as cyclopentane, cyclohexane,
cycloheptane and cyclooctane and polycycloalkanes such as
adamantane, norbornane, isobornane, tricyclodecane and tet-
racyclododecane from which at least one hydrogen atom is
removed. Particularly preferable are cyclohexane and ada- RIS

*LCHZ—

CsHy
10

(b5-3)

mantane from which at least one hydrogen atom is removed
(that may further have a substituent).
When the alicyclic group of the abovementioned X has a
substituent on the ring skeleton, the substituent is exemplified
by polar groups such as a hydroxyl group, carboxyl group, ,,
cyano group and oxygen atom (—O), and linear or branched C4H,
lower alkyl groups having 1 to 4 carbon atoms. The polar
group is preferably an oxygen atom (—O) in particular.
The aforementioned Y? is an alicyclic group or an alkyl
group; and examples thereof are monocycloalkanes and poly- 55
cycloalkanes such as bicycloalkanes, tricycloalkanes and tet-
racycloalkanes from which at least one hydrogen atom is
removed. Specific examples thereof are monocycloalkanes (b5-4)
such as cyclopentane, cyclohexane, cycloheptane and 1]1181’
cyclooctane, and polycycloalkanes such as adamantane, nor- 5, CH—
bornane, isobornane, tricyclodecane and tetracyclododecane, 2
from which at least one hydrogen atom is removed. Particu- =0
larly preferable is adamantane from which at least one hydro- |
gen atom is removed (that may further have a substituent).
When the alicyclic group of the abovementioned Y has a 35
substituent on the ring skeleton, the substituent is exemplified
by polar groups such as a hydroxyl group, carboxyl group,
cyano group and oxygen atom (—O), and linear or branched
lower alkyl groups having 1 to 4 carbon atoms. The polar
group is preferably an oxygen atom (—O) in particular. 40
When Y? is an alkyl group, it is preferably a linear or
branched alkyl group having 1 to 20 carbon atoms, and more (b5-5)
preferably 6 to 15 carbon atoms. Preferably, the alkyl group is RI%
an alkoxyalkyl group in particular; and examples of the CH,
alkoxyalkyl group include a 1-methoxyethyl group, 45 [
1-ethoxyethyl group, 1-n-propoxyethyl group, 1-isopropoxy- Cc=0
ethyl group, 1-n-butoxyethyl group, 1-isobutoxyethyl group, |
1-tert-butoxyethyl group, 1-methoxypropyl group, 1-ethox-
ypropyl group, 1-methoxy-1-methylethyl group, 1-ethoxy-1-
methylethyl group, and the like. 50
Preferable specific examples of the structural unit repre-
sented by the above general formula (b5) are those repre-
sented by the following formulae (b5-1) to (b5-33).

(b5-1) > (b5-6)

]TISb I|{18b
CH,—C CHz—T

=0 60 c=o0

o—0O—

O CHy(CH,),CH;
CoHs

65
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Rle
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Rle
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CH;
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RI8®
CH, —l
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Preferable specific examples of the structural unit repre-
(b5-29) sented by the above general formula (b6) include those rep-
resented by the following formulae (b6-1) to (b6-24).

5
(b6-1)

Rle
CH,—C

|
10 o
|
0
(65-30) <
15 0
20
(b6-2)
Rle
b531) 2 ‘LCHZ—T
c=o0
|
0
30 4<
0
35
(b6-3)
Rle
~LCH2—C
(b5-32) |
40 T= o
0

45 0;
(b6-4)

50
Rle
(b5-33) CHZ—T

55 T=O

<o

o)

60
65

In the above formulae (b5-1) to (b5-33), R'®? represents a

hydrogen atom or a methyl group.
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In the above formulae (b6-1) to (b6-24), R'®* represents a

hydrogen atom or a methyl group.

Preferable specific examples of the structural unit repre- ¢5s
sented by the above general formula (b7) include those rep-
resented by the following formulae (b7-1) to (b7-15).

oO—0O—0O—~

28
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(b7-2)

(b7-3)
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In the above formula (b7-1) to (b7-15), R'®? represents a
65 hydrogen atom or a methyl group.
It is also preferred that the acrylic resin (B3) includes a

copolymer containing a structural unit derived from a poly-
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35

merizable compound having an ether linkage in addition to
the structural unit represented by the above general formulae
(b5) to (b7).

Tlustrative examples of the polymerizable compound hav-
ing an ether linkage include radical polymerizable com-
pounds such as (meth)acrylic acid derivatives having an ether
linkage and an ester linkage, and specific examples thereof
include 2-methoxyethyl (meth)acrylate, 2-ethoxyethyl
(meth)acrylate, methoxytriethylene glycol (meth)acrylate,
3-methoxybutyl (meth)acrylate, ethylcarbitol (meth)acry-
late, phenoxypolyethylene glycol (meth)acrylate, methoxy-
polyethylene glycol (meth)acrylate, methoxypolypropylene
glycol (meth)acrylate, tetrahydrofurfuryl (meth)acrylate, and
the like. Also, the polymerizable compound having an ether
linkage is preferably, 2-methoxyethyl (meth)acrylate,
2-ethoxyethyl (meth)acrylate, or methoxytriethylene glycol
(meth)acrylate. These polymerizable compounds may be
used alone, or in combinations of two or more thereof.

Furthermore, the acrylic resin (B3) may contain another
polymerizable compound as a structural unit in order to mod-
erately control physical or chemical properties. The polymer-
izable compound is exemplified by conventional radical poly-
merizable compounds and anion polymerizable compounds.

Examples of the polymerizable compound include mono-
carboxylic acids such as acrylic acid, methacrylic acid and
crotonic acid; dicarboxylic acids such as maleic acid, fumaric
acid and itaconic acid; methacrylic acid derivatives having a
carboxyl group and an ester bond such as 2-methacryloyloxy-
ethyl succinic acid, 2-methacryloyloxyethyl maleic acid,
2-methacryloyloxyethyl phthalic acid and 2-methacryloy-
loxyethyl hexahydrophthalic acid; (meth)acrylic acid alkyl
esters such as methyl (meth)acrylate, ethyl (meth)acrylate,
butyl (meth)acrylate and cyclohexyl (meth)acrylate; (meth)
acrylic acid hydroxyalkyl esters such as 2-hydroxyethyl
(meth)acrylate and 2-hydroxypropyl (meth)acrylate; (meth)
acrylic acid aryl esters such as phenyl (meth)acrylate and
benzyl (meth)acrylate; dicarboxylic acid diesters such as
diethyl maleate and dibutyl fumarate; vinyl group-containing
aromatic compounds such as styrene, a-methylstyrene, chlo-
rostyrene, chloromethylstyrene, vinyltoluene, hydroxysty-
rene, a-methylhydroxystyrene and a-ethylhydroxystyrene;
vinyl group-containing aliphatic compounds such as vinyl
acetate; conjugated diolefins such 